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METHODS AND DEVICES FOR RANDOMIZING 
BURST ERRORS 

BACKGROUND OF THE INVENTION 
[0001] Wireless communication systems are susceptible to so-called "burst" errors (e.g., 
a large amount of errors are received over a very short period of time). To prevent such 
errors from degrading a received signal, existing techniques attempt to break-up these errors 
5 and evenly distribute them over time in a random fashion. One technique uses bit or symbol 
interleaving in combination with Forward Error Correction (FEC) encoding. The interleaver 
permutes FEC encoded bits before transmission. When these permutated bits are received by 
a receiver, an inverse de-interleaving is completed to restore the bit stream to its original 
sequence. 

10 [0002] Conventional interleavers and de-interleavers have their drawbacks, however. 
Many existing interleavers/de-interleavers require the use of look-up tables that require a 
large number of memory elements which can be costly both in terms of money and space. 

SUMMARY OF THE INVENTION 
[0003] The problems with existing interleavers are avoided in accordance with the 

15 principles of the present invention by a permutation-based interleaver which generates values 
for sets of indices that are associated with initial positions of bits in an input bit stream. A 
second set of permutated indices, generated based on the values, are used to place each bit of 
the input bit stream into a re-arranged position in an output bit stream. In one embodiment of 
the invention, the re-arranged positions are randomized positions. In accordance with one 

20 aspect of the invention, the first four values may be preset to 0, 13, 24 and 37 and every 
remaining value can be generated based on these four initial values. 

[0004] In another embodiment of the invention the interleaver is part of a wireless local 
area network (LAN) modem. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] FIG. 1 depicts a simplified block diagram of a permutation-based interleaver 
according to one embodiment of the present invention. 
5 [0006J FIG. 2 depicts set leader values generated in accordance with one embodiment of 
the present invention. 

[0007] FIG. 3 depicts another block diagram of a permutation-based interleaver 
according to yet another embodiment of the present invention. 

[0008] FIG. 4 depicts an addressable memory section according to one embodiment of 
1 0 the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0009] There exists a set of published standards which govern interleaver/de-interleaver 
specifications for wireless LAN modems. One such standard is referred to as the IEEE 
802.11a standard. This standard sets forth a two-step permutation process for randomizing a 
15 bit stream before it is transmitted. 

[0010] More specifically, in accordance with the standard, an index i associated with an 
input bit stream is mapped to a permutated index j to create a randomized output bit stream 
using a two-step process across an entire block length, L. The first step shifts the i-th bit to 
the k bit location according to the following rule: 
20 (1) (k = L/16) (i mod 16) + [//16] i = 0, 1, 2, . . X - 1 ; 

and the second step generates a final index, j 9 defined by : 
(2) j = s [his] + (Jfc + L - [16A/L])mods k = 0, 7,2, ...Z, - 1 

where s = max (L/2, 1). 

[0011] The standard set forth in equations (1) and (2) generates a permutated bit stream 
25 which effectively randomizes any burst errors. This permutated bit stream is then transmitted 
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and received by a receiver which in turn returns the randomized bit stream to its initial 
sequence by de-interleaving the bit stream using a substantially inverse process. 
[0012] Though the standard sets forth equations (1) and (2), it is silent as to how to 
actually build an interleaver or de-interleaver capable of implementing these equations to 
5 randomize burst errors. Some have developed interleavers/de-interleavers which require a 
significant amount of space on a printed circuit board due to their use of "look-up" tables 
which require relatively large amounts of memory elements. 

[0013] In contrast, the present invention provides for techniques which do not require 
significantly large amounts of logic or memory elements to carry out equations (1) and (2). 

10 [0014] To simplify the explanation of the techniques envisioned by the present invention, 
the following discussion will focus on methods and devices used at the transmission side of a 
wireless communication system (e.g., an interleaver). It should be understood that 
substantially the same techniques can be implemented in a de-interleaver in an inverse order 
at the receiving side of a wireless communication system. 

15 [0015] Referring now to FIG. 1, there is shown a permutation-based interleaver 1 which 
includes a permutation index generator 2 ("generator" for short) and a bit routing unit 3 
("router" for short). As indicated by FIG. 1, the generator 2 is operable to accept an index i 
and to output a permutated index j. In one embodiment of the invention, the interleaver 1 
may comprise a wireless LAN modem or the like. 

20 [0016] The generator 2 further includes a set leader generation unit 4 ("set leader 
generator" for short), and an inner set index generation unit 5 ("inner set index generator" for 
short), while the bit router 3 further comprises an address section 7 and a memory section 9. 
[0017] In a further embodiment of the present invention, the address section 7 further 
includes a WRITE address section 8A and a READ address section 8B while the memory 

25 section 9 further comprises a random WRITE memory section 10A and a sequential READ 
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memory section 10B. In still a further embodiment, the memory sections 10A and 10B may 
include one or more random access memories (RAM) and the READ address section 8B may 
include a mod 48 counter. 

[0018] Though the interleaver 1 is shown as separate units (i.e., at least sections 2 
5 through 8), it should be understood that one or more of most of these units or sections may be 
combined, or, alternatively, may further be broken down into additional units or sections 
without departing from the spirit or scope of the present invention. 

[0019] In one embodiment of the present invention, the elements of the interleaver 1 
shown in FIG. 1 operate as follows. Each block of 192 incoming bits via pathway 1 1 must be 

10 re-arranged in a random fashion using the interleaver 1 . Sometime prior to the arrival of the 
first bit (e.g., immediately prior to) along pathway 11, the interleaver 1 is operable to 
generate a permutated index j from an initial index i . The permutated index j represents the 
randomized order in which each block of 192 bits will be arranged upon exiting the 
interleaver 1 via pathway 12. The bits leaving via pathway 12 will be referred to as an 

15 "output bit stream", though it should be understood that this bit stream is ultimately fed to a 
transmitter which transmits or outputs the bit stream to a far-end receiver or the like. In one 
embodiment of the invention, the initial index i represents the original sequence of 192 bits 
where it is assumed for present purposes that the index of each bit matches its position within 
the original sequence, e.g., an index of 1 corresponds to bit 1; an index of 192 corresponds to 

20 bit 192, etc... . To be clear, it is the indices, z, representing the incoming bits which is input 
into the set leader generator 4, not the bits themselves. The set leader generator 4 is operable 
to generate 4 "set leaders" for each set of 16 indices. Because 192 indices are involved, the 
set leader generator 4 is operable to generate a total of 12 sets of set leaders (i.e., 16 x 12 = 
192). These set leaders are sent to the inner index generator 5 which is operable to generate a 

25 set of 1 6 permutated indices j for each group of 4 set leaders. Thereafter, generator 5 is 



4 



Attorney Docket No. 29250-000990/US 
Lucent Ref: AMAN 9-4-2 7-1 

further operable to output each of these permutated indices j to the bit router 3. Upon 
receiving the permutated indices j\ the bit router 3 is operable to route a bit of an incoming bit 
stream received via pathway 1 1 to a randomized position in an outgoing bit stream output via 
pathway 12 using one of the permutated indices j. In a further embodiment of the invention, 
5 the bits that are output via pathway 12 represent bits from a previous block of 192 bits. That 
is so say, the present invention provides for outputting one bit of a previous block of bits 
from memory section 10B via pathway 12 each time a new incoming bit is clocked into 
memory section 10A via pathway 11. 

[0020] In more detail, the bit router 3 is operable to store each incoming bit arriving via 
10 pathway 11 in the random WRITE memory section 10A in accordance with an associated 
permutated index j during a given time interval. During the same time interval, the bit router 
3 is operable to output a previously stored input bit from sequential READ memory section 
10B upon receiving a READ signal from the READ address section 8B. In this matter, an 
original input bit stream having an original index i, has its bit sequence rearranged or 
15 randomized such that the initial position of a particular bit is usually (i.e., a bit's randomized 
position may equate to its initial position but it is expected that this scenario would be 
relatively rare) not retained in the permutated, randomized output bit sequence. Instead, each 
bit is assigned a position in an output bit stream according to a permutated index y. 
[0021] The WRITE address section 8 A is operable to store each bit of the input bit stream 
20 received via pathway 1 1 in a column or row of the memory section 10A in accordance with 
the permutated index j. Subsequently, each of the stored input bits is sequentially read out of 
memory section 10B. 

[0022] FIG. 2 depicts set leader values which are generated by the set leader generation 
unit 4 in accordance with one embodiment of the present invention. Upon studying the 
25 application of equations (1) and (2) to initial indices /, the present inventors discovered an 
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interrelationship between equations (1) and (2), which heretofore, had gone undiscovered. 
This interrelationship is illustrated by the generation of the set leader values ( "set leaders" 
for short) shown in FIG. 2. 

[0023] For every block of 192 bits, the set leader generator 4 decomposes an associated 
5 index i into twelve sets of sixteen indices. It should be understood that each subsequent 
block of 192 bits will use the same set leaders shown FIG. 2. Before now this repetitive 
pattern of set leaders was unknown. Unaware of such a pattern, existing techniques must use 
lots of memory elements, and, consequently, lots of space on a printed circuit board or the 
like. Armed with knowledge of such a pattern, the number of memory elements can be 

10 significantly reduced. In one embodiment of the invention, it is only necessary to preset (e.g., 
pre-program) the set leader generator 4 with the values of the first four set leaders. 
Thereafter, all of the other set leader values shown in FIG. 2 may be generated from these 
first four values. Though the first four set leader values are pre-set, these values will also be 
described as being "generated" by the generator 4. 

15 [0024] Continuing, referring to FIG. 2, the first four received indices i of each set are 
designated as set leaders, i.e., Leader 1, Leader 2, Leader 3 and Leader 4. When two adjacent 
rows in FIG. 2 are compared, it can be seen that the second and all subsequent rows of set 
leader values may be calculated after being supplied with the first set leader values. More 
specifically, the first group of set leaders are shown along the first row and are designated as 

20 having the values 0, 13, 24, and 37. Each subsequent row represents the next group of set 
leaders associated with the next group of 16 indices L In one embodiment of the present 
invention, the set leader generator 4 is operable to generate each subsequent row of set leader 
values as follows. The generator 4 is operable to generate the first subsequent set leader 
(designated as "Leader 1") occupying column 1, row 2 by simply incrementing the first set 

25 leader value in column 1, row 1 by one. As can be seen in FIG. 2, the values in column 1 
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increase sequentially by one, from a value of zero up to eleven. The generation of all of the 
third set leader values (designated by the notation "Leader 3" in column 3) follows the same 
pattern, that is, the generator 4 is operable to increment the initial set leader value of 24 
shown in column 3 , row 1 by one. In FIG. 2, the initial value for set Leader 3 increases by 
5 one from a value of 24 up to 35. 

[0025] With respect to the generation of the values associated with set Leader Numbers 2 
and 4 (columns 2 and 4 in FIG. 2), the generator 4 is operable to decrement an initial value 
and any subsequent values by one, or increment an initial value or any subsequent value by 
three, to generate all of the subsequent set leader values associated with Leaders 2 and 4. For 

10 example, referring to column 2, under the heading "Leader 2", it can be seen that the initial 
value is 13 and all subsequent values are generated by either decreasing this initial value or 
any subsequent values by one (e.g., to 12 as shown in row 2, column 2) or increasing this 
initial value or any subsequent value by three (e.g., to 15 as shown in column 2, row 3). 
Again, this "decrement by one/increment by three" pattern is applied to the generation of 

15 values associated with both set Leaders 2 and 4 shown in columns 2 and 4 of FIG. 2. It 
should be understood that the values in each row of FIG. 2 are associated with a group of 16 
indices i. Ultimately, it is these values which will be used by the inner set index generator 5 
to generate permutated indices /. 

[0026] Once the set leader values shown in FIG. 2 have been generated by generator 4, 
20 generator 4 is further operable to forward the values to the inner set generator 5 via pathway 
45. In one embodiment of the present invention, the inner set generator 5 is operable to 
generate a set of 16 indices j upon receiving every set of 4 set leader values. Because there 
will be 12 different sets of set leader values sent to generator 5, generator 5 is operable to 
generate a total of 192 indices j. It is these 192 indices j which are sent to the bit routing unit 
25 3 in order to randomize or re-arrange the sequence of bits arriving via pathway 1 1 . In an 
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embodiment of the present invention, the bit router 3 is operable to route each input bit 
arriving via pathway 1 1 to a position in memory section 9 in accordance with an index j . 
Subsequently, when each of these so routed bits are output via pathway 12, their respective 
positions in an output bit sequence will be randomized or re-arranged compared to their 
5 initial position before being transmitted by a transmitter or the like, 

[0027] FIG. 3 depicts another block diagram of a permutation-based interleaver 100 
according to yet another embodiment of the present invention. As shown, registers R1-R4 
include a set leader generator 400 while registers R11-R44 include an inner set index 
generator 500. The output of the inner set generator 500 is permutated index j 9 with each of 
10 the bits designated as M t M + 7, M +2, M + 3, ... M + n. Each register R1-R4 and Rl 1-R44 
may include a D flip-flop or the like. 

[0028] Referring to FIG. 4, there is shown another embodiment of the addressable 
memory section 9. More particularly, section 9 may include memory elements 401-404, each 
operable to store each bit of the input bit stream into a position in memory associated with the 

15 permutated index j. 

[0029] The four memory blocks 401-404 are accessed in parallel to WRITE the input bits 
using, for example, an 8-bit address and at the same time, to READ the permutated output 
bits addressed by a different 8-bit address. The parallel input of bits allows for the treatment 
of at least 4-bit words during each clock cycle in order to keep up with input requirements. 

20 To be able to handle four bits, the present invention envisions that the WRITE unit 8A is 
operable to convert each of the permutated indices j into a column number and "A" addresses 
(see FIG. 4). In an illustrated embodiment of the present invention, if the permutated index 
of a certain input bit is j, then the memory block where an associated input bit will be stored 
is identified by: 

25 Column number = j mod 4 
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and the location in that block is obtained from: 

A{WRITE) = row number = [//4] . 
[00301 Referring to FIG. 4, consider an input bit 61, for example, where this is the second 
bit of a sequence of bits beginning with 60. From FIG. 2, the set leader value for this bit is 13 
5 (first row, second column). Using this value, generator 5 will generate an index j and the bit 
router 3 will route the first bit 61 to a location associated with memory block 402 (e.g., 
location D 13). 

[0031] Thereafter, each of the stored input bits 6 is sequentially read out of memory 
section 10B using, for example, a 4-bit READ address generated by the READ address unit 

10 8B. It should be further understood that the memory sections 10A and 10B include two non- 
overlapping segments of memory section 9. In the case where memory section 9 includes a 
RAM, it can be said that memory section 9 includes a dual-port RAM. In a further 
embodiment of the present invention, this overlapping allows for the delay of one interleaved 
block to be introduced between bits that are input into the memory section 9 and bits that are 

15 output as discussed above. 

[0032] As indicated initially, the discussion above has focused on an interleaver, though 
substantially the same techniques applied in an inverse order may be used to build a de- 
interleaver or otherwise carry out de-interleaving. It should be noted, however, that the 
discussion above was intended to point out some of the examples envisioned by the present 

20 invention. It is next to impossible to set forth all of the examples so envisioned. Alternative 
embodiments may be thought of without departing from the present invention, the scope of 
which is better defined by the claims which follow. 
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